Introduction
The term "uradenia" -from the Greek, ourà and adên meaning: "posterior part" and "gland" -has been proposed by THOUVENIN (1965) to name paired ventral abdominal glands which are present on the last abdominal segments (= urites) in several representatives of Lygaeoidea, Pyrrhocoroidea and Coreoidea. Previously, these glands were variously referred to as "Oeldrüsen" in Pyrrhocoris Fallén, 1814 (MAYER 1874 , 1875 , "Drüsenschlauch" in Lygaeus Fabricius, 1794 (LUDWIG 1926 , "paired accessory glands" in Dysdercus Guérin-Méneville, 1831 (GUPTA 1951 , "paragenital glands" in females and "subgenital glands" in males of Oncopeltus Stål, 1868 (BONHAG & WICK 1953 , "paragenital glands" in Trichophora (ŠTYS 1962) , "saclike structures" in males of Dicranocephalus Hahn, 1826 (LANSBURY 1965 , "glande à huile" in Pyrrhocoris (MERLE 1965) , "ventral uradenial scent glands" in Coreidae (STAD-DON 1986) , and fi nally "Uradenien" (KALLENBORN 2005) .
In her well-documented comparative study, THOUVENIN (1965) showed that the paired uradenia are present in eight trichophoran families (Coreoidea: Alydidae, Coreidae, Stenocephalidae; Pyrrhocoroidea: Largidae, Pyrrhocoridae; Lygaeoidea: Lygaeidae, Rhyparochromidae), either in male, or in female, or in both sexes. Glands open directly to the exterior through the intersegmental membrane between abdominal segments VII-VIII or VIII-IX, or on abdominal segment IX (see Table 1 ), usually laterally in the female, in the mid-ventral line in the male through a single orifi ce, both glands being united just before the outlet into a short common efferent duct. In addition to detailed morphological data, THOUVENIN (1965) gave some information on the histological structures of the glands in 2018 58(1): 187-193 doi: 10.2478/aemnp-2018-0016 188 both sexes. Histological and histochemical aspects of the female uradenia were also reported by CHEVAILLIER (1965) and FARINE (1988) in female Dysdercus. For the sake of completeness, we must add that CARAYON (1954) also described paired ventro-abdominal glands in the males of Anthocoridae (Scolopini), on sternite IV, rarely V; these glands were later recognized as uradenia by him. CARAYON (1972) considered that they were serially homologous of the uradenia described by THOUVENIN (1965) in trichophoran families.
Very little is known about the function of these glands. In vivo, the secretion has an oily and yellowish aspect at least in Coreidae and Pyrrhocoridae (MAYER 1874 (MAYER , 1875 MERLE 1965 ; DPS pers. observations) and also in Anthocoridae (CARAYON 1954) . Only male uradenia in coreid bugs (species of Pachylis Le Pelletier & Serville, 1825, Euthochtha Mayr, 1865, and mainly Leptoglossus Guérin-Méneville, 1831 were studied (as "ventral abdominal gland") and evidence for male-produced sex pheromones has been demonstrated (ALDRICH & YONKE 1975; ALDRICH et al. 1976 ALDRICH et al. , 1979 ALDRICH et al. , 1982 GOUGH et al. 1985; ALDRICH 1988; WANG & MILLAR 2000) . The secretion of the male uradenia releases species-specifi c volatile compounds that may act as long-range attractants for the female; it may have the odour of cherries, vanilla, cinnamon and rose (ALDRICH 1988) .
Uradenia are considered as lacking within the Pentatomoidea (THOUVENIN 1965 , STADDON 1979 , PAVIS 1987 . Therefore, the discovery in adult males of the genus Dismegistus Amyot & Serville, 1843, of a paired abdominal gland exhibiting morphological characteristics of the uradenia previously described within other trichophoran subfamilies, was unexpected. It is interesting especially because the phylogenetic position of Dismegistus within Pentatomoidea has been a matter of debate for a long time and still remains somewhat enigmatic (LIS et al. 2017) .
The African genus Dismegistus includes six described aposematic species, and was originally placed in Cydnidae Sehirinae by AMYOT & SERVILLE (1843) . Later, on the basis of morphological characters, it was transferred to Pentatomidae Pentatominae Strachiini (SIGNORET 1881), to Pentatomidae Asopinae (BERGROTH 1923) jointly with the Asiatic genus Parastrachia Distant, 1883, including only two aposematic species and having been placed into various pentatomid groups (Asopinae, Pentatominae, Tessaratomidae, Cydnidae) (see SCHAEFER et al. 1988 and SWEET & SCHAEFER 2002 ) until LESTON (1956 , after a large comparative study of morphological characters including male and female genitalia, proposed the placement of Dismegistus among the Cydnidae Sehirinae. After having rectifi ed several of Leston's misinterpretations, DOLLING (1981) concluded that Dismegistus cannot belong to Cydnidae. More recently, PLUOT-SIGWALT & LIS (2008) showed the great similarity in the structure of the spermatheca in Dismegistus and Parastrachia, suggesting close relation- Table 1 . Taxonomic distribution of the male and female uradenia in the main trichophoran families according to THOUVENIN (1965) Remarks. In her study, THOUVENIN (1965) , unfortunately, did not provide a list of the species she examined. She only mentioned in the text some names of species or genera having glands and certainly not all the taxa (apparently numerous) she examined; the genera or tribes mentioned in her paper are included in the table.
Acta Entomologica Musei Nationalis Pragae, volume 58, number 1, 2018 189 ships between these genera. In a phylogenetic analysis of the Pentatomoidea based on morphological and molecular characters, GRAZIA et al. (2008) recognized the group of Parastrachia + Dismegistus as monophyletic and suggested that the family Parastrachiidae is apparently related to the Cydnidae and Thyreocoridae. MATESCO et al. (2012) following GRAZIA et al. (2008) included the Parastrachiidae (as Parastrachiinae) in the Thyreocoridae in the broadest sense, but a recent molecular analysis (LIS et al. 2017 ) proved it was unjustifi ed. In the same paper (LIS et al. 2017 ) the monophyly of Parastrachia + Dismegistus suggested previously by GRAZIA et al. (2008) was also questioned. The purpose of this paper is to describe the main structural features of the uradenia in Dismegistus spp. and to compare them with those described in male Coreoidea and Lygaeoidea. We also investigated Parastrachia, the second genus of the family to verify whether it has uradenia similar to the condition found in Dismegistus.
In order to facilitate the comparison of the male uradenia of Dismegistus with those known in other trichophoran families, we fi rstly summarise the main features of the male and female uradenia in Coreoidea, Lygaeoidea, Pyrrhocoroidea as described by THOUVENIN (1965) . Table 1 reviews the main conditions of the glands (presence-absence, shape, location, number of orifi ces) given by THOUVENIN (1965) in both sexes of representatives of eight trichophoran families. Female uradenia are lacking in Alydidae, Rhopalidae and Stenocephalidae; male uradenia in Pyrrhocoridae and Largidae Larginae, while Physopeltinae lack uradenia in both sexes. To date, only Coreidae and Rhyparochromidae are known to possess uradenia in both sexes.
Uradenia are variously shaped compound ectodermal glands: sac-like, tubular, clavate, branched or lobate. They are characterized by several common features: ventral location on posterior abdominal segments, paired condition with unpaired orifi ce (usually in males) or paired orifi ces (usually in females), opening directly to the exterior, sexual dimorphism frequent, size moderate to large. THOUVENIN (1965) gave the following defi nition (in French) for the uradenia: "Ectodermal glands, serially homologous, derived from the abdominal segments VII to X, having paired or unpaired ventral orifi ce".
Material and methods
Species examined. Male and female dried specimens of Dismegistus sanguineus (De Geer, 1778) (Kenya), D. fi mbriatus (Thunberg, 1783) (South Africa), and Parastrachia japonensis (Scott, 1880) (Japan) were examined. Methods. The entire abdomen was separated from the body and cleared (24 hours) in cold 10% KOH solution. It was then washed in water and stored in glycerol. After careful dissection, the abdomen was placed in an alcoholic solution of chlorazol black for staining of the membranous components, and then placed in glycerol for observation, gland localisation, and further dissection, if necessary. Small pieces of tegument bearing glands were observed using a microscope at 100-200× magnifi cations. Terminology. We follow the terminology proposed by THOUVENIN (1965) 
Results
Among the species examined only males of Dismegistus sanguineus and D. fi mbriatus possess uradenia. Dismegistus females and both sexes in Parastrachia are devoid of any ventral abdominal glands at the level of the last abdominal segments.
The male uradenia VIII-IX in Dismegistus. In Dismegistus, the male uradenia are partially lying in abdominal segment VIII and open to the exterior dorso-laterally through the intersegmental membrane between abdominal segments VIII-IX. The abdominal segment VIII succinctly illustrated by LESTON (1956) in D. sanguineus (as D. binotatus) is described fi rst in D. sanguineus, prior to the gland description.
The abdominal segment VIII (Figs 1, 2, 4 ). At rest, abdominal segment VIII is almost totally telescoped within segment VII. It is not distinct as it is the rule in most Pentatomoidea, the segment is reduced and poorly sclerotized; there is no distinction between tergum and sternum; the venter and lateral margins are large, the dorsum is short and mostly membranous, only two lateral sclerotized stripes remain from the progressively reduced margins (Figs 1, 2,  4 ). We agree with BAKER (1931) regarding the condition of abdominal segment VIII in Pentatomidae: "it is probable that the eighth segment is largely, if not entirely, made up from the eighth sternum with the resultant atrophy of the eighth tergum". The spiracles are placed in lateral position, close to the posterior margins, and are relatively well developed compared to the remaining abdominal spiracles and also functional, provided with tracheae and a closing valve. As in other Pentatomoidea, the intersegmental membrane VIII-IX arises far from the posterior margin of abdominal segment VIII (LESTON 1953c) . Surprisingly, segment VIII in Parastrachia is quite different from that of Dismegistus. The former was described in detail and illustrated by SCHAEFER et al. (1988) in P. nagaensis (Distant, 1908) and P. japonensis. We provide the illustration which allows comparison of P. japonensis with D. sanguineus (Figs 4, 5) . In contrast to Dismegistus, the segment VIII in Parastrachia is largely exposed (not concealed within segment VII), ventrally produced anteriorly and posteriorly, the short dorsum is sclerotized (not membranous) and the spiracle is vestigial and non-functional.
Gross morphology of the glands (Fig. 3) . In both examined species of the genus Dismegistus, uradenia constitute voluminous paired glands that lie inside abdominal segment VIII and extend anteriorly at least into abdominal segment VII.
Each gland consists of a basal sac-like reservoir extending distally into fi ve to six long and tubular digitations (Fig. 3) . They are much longer and thinner in D. fi mbriatus than in D. sanguineus, and extend along the abdomen 
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nearly to the thorax in the former, while only along abdominal segment VII in the latter species (Fig. 1) . Numerous tracheoles are intertwined to form an inextricable network with the digitations. Glands open separately dorsolaterally via a short efferent canal and a pore located -just under the sclerotized stripes of abdominal segment VIII -in a transverse fold of intersegmental membrane VIII-IX which is apparently permanent. No particular structure (such as muscular apodeme, sclerotization or thickening) is associated with the orifi ce which therefore is hard to locate.
The thin membranous cuticular intima of the gland is strongly wrinkled; it is entirely covered with hundreds of short cuticular ductules which open into the lumen and represent the efferent duct of the glandular units covering the intima in living specimens. Ductules are denser along the digitations than on the sac itself. The structure of the efferent ductules is the same as that already described in the female uradenia of Dysdercus (FARINE 1988) , i.e. it is characterized by a minute apical spherical dilation called a "saccule".
Discussion
The male Dismegistus is the fi rst representative of Pentatomoidea known to possess male uradenia similar to representatives of eight families belonging to Coreoidea, Pyrrhocoroidea and Lygaeoidea. The female of Dismegistus as well as both sexes of Parastrachia, the second genus of Parastrachiidae, do not possess these glands. We are also confi dent that the majority of the pentatomoid families do not possess uradenia, in particular the Cydnidae and Thyreocoridae, considered to be related to Parastrachiidae (GRAZIA et al. 2008 , LIS et al. 2017 ). This opinion is based on the results of previous studies, where numerous species of Cydnidae and Thyreocoridae were examined (PLUOT-SI- GWALT & LIS 2008 , as well as results of an unpublished survey devoted to a novel exocrine gland specifi c to most Pentatomoidea and absent in Dismegistus (PLUOT-SIGWALT, in preparation).
Particularities of the uradenia VIII-IX in Dismegistus.
Although the paired glands in the male of Dismegistus and the male uradenia in other trichophoran families share the same fundamental structure, they also exhibit three peculiarities.
(1) Dismegistus shares only with the Lygaeidae a location of the orifi ce between abdominal segments VIII and IX, almost adjoining to abdominal segment VIII in Dismegistus, to abdominal segment IX in Lygaeidae. In other families (Table 1) orifi ces of male uradenia are located on intersegmental membrane VII-VIII.
(2) Dismegistus is the only genus having a pair of orifi ces of the uradenia in dorsolateral position; in the other trichophoran families male uradenia usually open with a single median orifi ce ventrally, with the exception of several representatives of Coreidae Petascelini (members of the genera Petascelis Signoret, 1847 and Oxypritis Signoret, 1861) in which their efferent ducts are not united and have paired medioventral orifi ces on intersegmental membrane VII-VIII.
(3) The glove-like, digitate shape of the gland is particular to Dismegistus, but it is similar to multi-digitate or lobate glands observed in male Coreidae, and the indented uradenia found in female Pyrrhocoridae.
The defi nition given by THOUVENIN (1965) for the uradenia can be applied to the uradenia of Dismegistus, except for the location of the orifi ces. The fact that abdominal segment VIII undergoes considerable modifi cation in the adult stage may explain this particular location. However, it should be noted that male uradenia VIII-IX in the Lygaeidae have a single ventromedian orifi ce.
Therefore, at present, it is unclear whether these structures in Dismegistus and in other trichophoran families are homologous or not.
On some morphological differences between Dismegistus and Parastrachia. Though Dismegistus and Parastrachia were suggested by GRAZIA et al. (2008) as a monophyletic group, and a close relationship between the two genera was also suggested by PLUOT-SIGWALT & LIS (2008) , on the basis of similarities in the structure of the spermatheca, their monophyletic origin was not confi rmed recently in results of studies on the 18S+28S rDNA of pentatomoid bugs (LIS et al. 2017) .
However, there are several shared morphological characters by Dismegistus and Parastrachia besides those accepted by GRAZIA et al. (2008) , e.g., the coxal combs (LIS 2010a), pretarsal structures (LIS 2010b); the presence of a median groove accompanied with dense setae on the tarsal margins (J. A. Lis, unpublished data), and metathoracic wing venation (LIS & HEYNA 2001) . Moreover, these morphological characters are same as in species of the subfamily Sehirinae (LIS & HEYNA 2001; LIS 2010a,b) . A similarity of Dismegistus and Parastrachia to the species of Sehirinae was confi rmed also in the molecular study based on the nuclear ribosomal DNA sequences (LIS et al. 2017) .
Nevertheless, both genera of Parastrachiidae exhibit autapomorphies (LIS & SCHAEFER 2005) found in the tibial combs, i.e., their two outer setae are a slightly longer (in Parastrachia) and clearly longer (in Dismegistus) than the remaining ones, and the median concavity of tibial fossula bears long setae in Parastrachia, and very short setae in Dismegistus.
Moreover, in addition to the presence of uradenia, the present study shows that several characters of the abdominal segment VIII separate Dismegistus and Parastrachia. These characters were not mentioned in the analysis of GRAZIA et al. (2008) who attributed characters found in Parastrachia to Dismegistus as well.
In Dismegistus, segment VIII is not exposed posteriorly as in Parastrachia, but it is entirely telescoped into the abdominal segment VII as in most Pentatomidae. Except of Parastrachia, within Pentatomoidea, the male abdominal segment VIII is exposed ventrally only in Acanthosomatidae (KUMAR 1974) , Urostylididae (GAPUD 1991), Lestoniidae, and Tessaratomidae (Tessaratominae: Platytatini and Sepinini) (GRAZIA et al. 2008) .
In Dismegistus, the dorsum of abdominal segment VIII is not sclerotized as in Parastrachia. It is membranous in a similar way as in many pentatomoid representatives (Pentatomidae, Acanthosomatidae, Tessaratomidae, Dinidoridae) (LESTON 1953a (LESTON ,b,c, 1954a . The general shape of the abdominal segment VIII in Dismegistus is somewhat similar to that illustrated by LESTON (1954b) for Coridius Illiger, 1807 (Dinidoridae) and Elisabetha Schouteden, 1916 (Tessaratomidae) . GRAZIA et al. (2008) indicated that spiracles of segment VIII were absent in Parastrachiidae, in particular in D. sanguineus. This contradicts our fi ndings, which document non-functional and atrophied spiracles in Parastrachia (DPS, pers. observations). In Dismegistus, the presence of functional spiracles is not surprising given that glandular organs require oxygen for their activity and are always associated with a network of tracheae. Within Pentatomoidea, functional spiracles on segment VIII are known in some Phloeidae (LESTON 1953c) and in Tessaratomidae (LESTON 1954b) . RIBAUT (1923) described also the spiracles of the pentatomid Rhaphigaster nebulosa (Poda, 1761) as functional, while in other pentatomids they are completely lacking.
Taxonomic and phylogenetic signifi cance of uradenia. THOUVENIN (1965) and CARAYON (1972) claimed that uradenia have a taxonomic value mainly at higher taxonomic levels. The general shape of the gland is consistent within a given family: female Pyrrhocoridae possess highly indented uradenia, male and female Lygaeidae tubular glands, male Stenocephalidae sac-like uradenia (THOUVENIN 1965; MERLE 1969; FARINE 1988 ; DPS, pers. observations). Presence or absence of the uradenia may be also informative for classifi cation; in Largidae, female uradenia are present in Larginae, but not in Physopeltinae. THOUVENIN (1965) considered the distribution of the uradenia within the Coreidae as somewhat "capricious"; the glands are indeed often lacking in females (DPS, personal observations) and may be lacking in males.
Are the uradenia in Dismegistus phylogenetically informative? At present, we cannot answer this question, given that we cannot determine whether the uradenia of Dismegistus are homologous to those of other pentatomomorphans or evolved independently.
